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Specification 

Parity Check Matrix Generation Method, Data Transmission System, 
Encoding Device, Decoding Device, and a Parity Check Matrix Generation 

Program 

5 

Technical Field 

The present invention relates to a parity check matrix generation 
method and parity check matrix generation program by which an encoder 
(encoding device) and a decoder (decoding device), which use LDPC (Low- 
10 Density Parity-Check) codes as error-correcting codes, generate a parity 
check matrix; and to a data transmission system, an encoding device and a 
decoding device that apply the parity check matrix generation method and 
parity check matrix generation program. 



1 5 Background Art 

Error-correcting codes are typically used when transmitting data by 
way of transmission lines in which transmission errors may occur. FIG. 1 is a 
block diagram showing an example of the configuration of a data 
transmission system in which data are transmitted by way of a transmission 

20 line. For example, the data transmission system shown in FIG. 1 is provided 
with transmission line encoder 1 1 on the transmitting side and transmission 
line decoder 13 on the receiving side by way of transmission line 12. Using 
transmission line encoder 1 1 and transmission line decoder 13 to implement 
error correction eliminates the effect of transmission errors upon data that 

2 5 are sent from data generator 10 and to data consuming device 14. 

Reed-Solomon codes and Turbo codes are known error-correcting 



codes. In addition, LDPC codes that exhibit capabilities that approach logic 
limits (Shannon limits) are receiving attention in recent years as error- 
correcting codes. 

If k is the message length of messages (data) that have undergone 
5 LDPC encoding and n is the codeword length following encoding, parity 
check matrix H of LDPC code can be represented as a matrix of (n-k) rows 
and n columns. If the messages are S=(s1, s2, sk) and the codewords 
are C=(c1 , c2, cn), codewords C are obtained by multiplying generator 
matrix G of k rows and n columns by message S. In other words, codewords 

10 C are obtained by finding C=SG. Since all codewords C satisfy the condition 
HCt=0, GHt=0. Further, Ct indicates the transposed vector of codeword C, 
and Ht indicates the transposed matrix of parity check matrix H. 

As an example of the application of LDPC code, Non-patent 
Document 1 describes an example of the application of LDPC codes as a 

15 countermeasure for packet loss that occurs in a packet exchange network in 
which packet series is subjected to LDPC encoding. 

The error-correcting characteristics of LDPC codes are determined by 
a parity check matrix. Non-patent Document 2 discloses a logical analysis of 
the error-correcting characteristics of LDPC codes. According to Non-patent 

20 Document 2, the error-correcting characteristics of LDPC codes are chiefly 
determined by the weighting distribution of the parity check matrix. The parity 
check matrix is almost entirely made up from element "0" but contains 
sporadic elements "1 ." Weighting indicates the number of elements "1" that 
are contained in each row and each column in the parity check matrix. 

25 The parity check matrix proposed by Robert G. Gallager, the 

originator of LDPC codes, is a matrix in which the weighting of rows and 
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columns is uniform. LDPC codes according to the parity check matrix 
proposed by Robert G. Gallager are referred to as "regular" LDPC codes. 
FIG. 2 is an explanatory view showing an example of a parity check matrix of 
regular LDPC code. In the parity check matrix shown in FIG. 2, the weighting 
5 of each row, i.e., the number of elements "1 is fixed (uniform) at WR, and 
the weighting of each column, i.e., the number of elements "1 is fixed 
(uniform) at WC. 

In contrast, Non-patent Document 2 clearly shows that LDPC codes 
according to a parity check matrix in which weighting is non-uniform and that 

10 has a specific distribution have better error-correcting characteristics than 
regular LDPC codes. LDPC codes realized by a parity check matrix in which 
weighting is non-uniform and that has a specific distribution are referred to 
as irregular LDPC codes. 

As a method of generating a parity check matrix having an optimum 

15 weighting distribution, Patent Document 1 describes an LDPC code parity 
check matrix generation method in which a parity check matrix is generated 
based on encoding rate. In the LDPC code parity check matrix generation 
method described in Patent Document 1 , a linear programming method is 
used to determine the weighting distribution. Then, after determining the 

2 0 number of elements "1 " per row and column, a parity check matrix is 
generated by using pseudo-random numbers to put in the positions of 
elements "1 ." 

The error-correcting characteristics of the parity check matrix are not 
determined merely by the weighting distribution of rows and columns. Even 
2 5 given the optimum weighting distribution of rows and columns of a parity 
check matrix, it is known that, when the parity check matrix is represented 
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using a bipartite graph (Tanner Graph), the occurrence of short loops having 
a length of 4 on the bipartite graph results in a drastic degradation of the 
error-correcting characteristics. 

FIGs. 3A and 3B are explanatory views showing an example of a 
5 bipartite graph corresponding to a parity check matrix. FIG. 3A shows an 
example of a parity check matrix, and FIG. 3B shows a bipartite graph that 
represents the parity check matrix shown in FIG. 3A. In FIG. 3B, variable 
nodes correspond to each bit of a codeword, and check nodes correspond to 
each row of the parity check matrix. In addition, the edges that join the nodes 

10 represent elements "1" in the parity check matrix. As shown in FIGs. 3A and 
3B, loops having a length of 4 will occur in a bipartite graph when there are 
two or more columns (common columns) having elements "1" shared 
between any two rows in the parity check matrix. 

The decoding of LDPC codes is typically carried out by using a sum- 

15 product decoding method to estimate the original message based on 

codewords in which errors are superposed. If no loops occur in the parity 
check matrix, the sum-product decoding method is a Maximum a posteriori 
Probability (MAP) estimation. If loops exist in the parity check matrix, sum- 
product decoding method is degraded from MAP estimation and only 

20 approximates MAP estimation. As a result, a number of parity check matrix 
generation methods have been proposed for preventing the occurrence of 
loops in the parity check matrix. 

In addition, the parity check matrix not only determines the error- 
correcting characteristics, but also determines the calculation costs (number 

25 of calculations) in encoding and the calculation costs for generating a 

generator matrix. Typically, O (n2) calculations are necessary for carrying out 
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encoding, but O (n3) calculations are necessary for calculating a generator 
matrix. 

To reduce the calculation cost for calculation of the generator matrix 
and the calculation cost in encoding, a method has been proposed in which 
5 a portion of a parity check matrix is constructed as a unit matrix or a 

triangular matrix to limit the number of calculations to O (n) during calculation 
for a generator matrix or encoding. 

For example, Patent Document 2 describes a low-density parity-check 
encoding method in which the power of square matrices that represent cyclic 
10 shifts are used as partial matrices, and these partial matrices are assembled 
to make up a parity check matrix to prevent the generation of short loops. In 
the low-density parity-check encoding method described in Patent Document 
2, the parity check matrix is triangulated at the same time that the generation 
of loops is prevented. Then, by making the generator matrix and parity check 
15 matrix equivalent, the number of calculations when encoding can be limited 
to O(n). In addition, in the low-density parity-check encoding method 
described in Patent Document 2, the cost of generating the parity check 
matrix is low because the parity check matrix can be generated by merely 
using regular shifts. 

20 Non-Patent Document 1: Michael G. Luby, Michael Mitzenmacher, M. 

Amin Shokrollahi, Daniel A. Spielman, Efficient Erasure Correcting Codes, 
"IEEE Transactions on Information Theory," February 2001 , Vol. 47, No. 2, 
pp. 569-584. 

Non-Patent Document 2: Thomas J. Richardson, M. Amin Shokrollahi, 
25 Design of Capacity-Approaching Irregular Low-Density Parity-Check Codes, 
"IEEE Transactions on Information Theory," February 2001 , Vol. 47, No. 2, 
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pp. 619-637. 

Patent Document 1: JP-A-2003-1 98383 (pp. 4-10, FIGs. 1-18) 
Patent Document 2: JP-A-2002-1 15768 (pp. 6-10, FIGs. 1-9) 

Disclosure of the Invention 

The LDPC code parity check matrix generation method described in 
Patent Document 1 enables a reduction of the cost of generating a parity 
check matrix. However, this method cannot reduce the calculation costs for 
calculating a generator matrix from a parity check matrix or the calculation 
costs when using the calculated generator matrix to encode. Further, this 
method necessitates complex calculations that use pseudo-random numbers 
and a linear programming method for generating a parity check matrix. 

In addition, in the low-density parity-check encoding method described 
in Patent Document 2, the row weighting and column weighting of a matrix 
before carrying out triangulation are uniform, and the generated parity check 
matrix approaches the parity check matrix of a regular LDPC code. As a 
result, a parity check matrix cannot be generated to always produce an 
improvement in the error-correcting characteristics. 

It is therefore an object of the present invention to provide a parity 
check matrix generation method, a data transmission system, an encoding 
device, a decoding device, and a parity check matrix generation program that 
can realize superior error-correcting characteristics in low-density parity- 
check codes and that can generate a parity check matrix by a simple 
method. 

It is another object of the present invention to provide a parity check 
matrix generation method, a data transmission system, an encoding device, 



a decoding device, and a parity check matrix generation program that can 
limit calculation costs when generating a parity check matrix and when 
encoding. 

The parity check matrix generation method according to the present 
5 invention: is a parity-check matrix generation method for generating parity 
check matrix H of m rows and n columns in low-density parity-check code; 
wherein parity check matrix H is made up from partial matrix H1 of m rows 
and k columns (where k=n-m) and partial matrix H2 of m rows and m 
columns; and wherein the positions of matrix elements "1" of each row of 

10 partial matrix H1 are determined to satisfy the conditions that, when any two 
rows contained in partial matrix H1 are selected, the periods of the two rows 
are relatively prime, or when the periods of the two rows are identical, the 
phases are different. 

In addition, the parity check matrix generation method may be 

15 configured such that period list P={p(1), p(2) p(PL)} (where p(1)-p(PL) 

are relatively prime) is determined; and, for each of elements p(j) of period 
list P, a maximum p(j) rows of partial matrix H1 are generated in which the 
periods are p(j) and the phases are different. According to this configuration, 
the mere input of period list P enables the easy generation of partial matrix 

20 H1. 

The parity check matrix generation method may also be configured 
such that elements from element p(2) to element p(PL) are generated based 
on the leading element p(1). According to this configuration, the mere input 
of the leading element of period list P automatically determines period list P 
2 5 and enables the easy generation of partial matrix H1 . 

The parity check matrix generation method may also be configured to 
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generate elements pQ) of period list P such that elements pQ) are the 
smallest values among values that satisfy the condition of being relatively 
prime with all elements from leading element p(1) to element pfl-1). 
According to this configuration, the mere input of the leading element of 
5 period list P automatically determines period list P and enables the easy 
generation of a parity check matrix. 

The parity check matrix generation method may also be configured to 
generate elements pQ') of period list P such that elements p(j) are the 
smallest values among values that each satisfy the condition of being a 

10 prime number greater than the preceding element p(j— 1). According to this 
configuration, the mere input of the leading element of period list P 
automatically determines period list P and enables the easy generation of a 
parity check matrix. 

The parity check matrix generation method may also be configured to 

15 generate a unit matrix as partial matrix H2. According to this configuration, 
the cost of generating a generator matrix and the cost of encoding can be 
reduced compared to a case in which the parity check matrix does not 
contain a unit matrix. 

The parity check matrix generation method may also be configured to 

20 generate a lower triangular matrix as partial matrix H2 by determining the 
positions of matrix elements "1" within a lower triangle such that the 
conditions are satisfied that, when any two rows contained within partial 
matrix H2 are selected, the periods of the two rows are relatively prime, or 
when the periods of the two rows are identical, their phases are different. 

25 According to this configuration, the cost of generating a generator matrix and 
the cost of encoding can be reduced compared to a case in which the parity 
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check matrix does not contain a lower triangular matrix. 

The parity check matrix generation method may also be configured 
such that period list P={p(1), p(2), .... p(PL)} (where p(1)-p(PL) are relatively 
prime) is determined, and, for each of elements pfl) of period list P, a 
maximum of p(j) rows of partial matrix H2 are generated in which the periods 
are p(j) and the phases are different. According to this configuration, the 
mere input of period list P enables the easy generation of partial matrix H2. 

The parity check matrix generation method may also be configured to 
generate elements from element p(2) to element p(PL) based on leading 
element p(1). According to this configuration, the mere input of the leading 
element of period list P enables the automatic determination of period list P 
and the easy generation of partial matrix H2. 

The parity check matrix generation method may also be configured to 
generate elements p(j) of period list P such that elements pfl) are the 
smallest values of values that satisfy the condition of being relatively prime 
with all elements from leading element p(1) to element p(j-1). According to 
this configuration, the mere input of the leading element of period list P 
enables the automatic determination of period list P and the easy generation 
of partial matrix H2. 

The parity check matrix generation method may also be configured to 
generate elements pfl) of period list P such that elements pO) are the 
smallest values of values that each satisfy the condition of being a prime 
number greater than the preceding element p(j-1). According to this 
configuration, the mere input of the leading element of the period list P 
enables the automatic determination of period list P and the easy generation 
of partial matrix H2. 
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The parity check matrix generation method may also be a parity check 
matrix generation method for generating a parity check matrix of m rows and 
n columns in a low-density parity-check code; and may be configured to 
generate row r of a parity check matrix by using period list P={p(1), p(2), 
p(PL)} (where p(1)-p(PL) are relatively prime) to: set as "1" those matrix 
elements that correspond to columns c that satisfy the conditions, using 
integer i and prescribed value F(j), 1 < c £ n-m and c=pGH+r+Ffl) if NG'-1) + 
1 < r < N(j), where N(j) is defined as the sum of values from element p(1) to 
element p(j) of period list P, and moreover, N(0) is defined as "0"; to set as 
"1" those matrix elements that correspond to columns c that satisfy the 
condition c=n-m+r; and to set as "0" those matrix elements that do not 
satisfy any of the conditions. 

According to this configuration, instead of generating for each partial 
matrix, a parity check matrix of m rows and n columns can be generated as a 
batch to satisfy the conditions that, when any two rows are selected, the two 
rows have periods that are relatively prime, or when the periods are identical, 
the two rows have different phases. In addition, instead of generating for 
each partial matrix, a parity check matrix can be generated as a group to 
contain a unit matrix. 

As a result, superior error-correcting characteristics can be realized in 
low-density parity-check codes, and a parity check matrix can be generated 
by a simple method. In addition, the cost of generating a generator matrix 
and the cost of encoding can be reduced compared to a case in which parity 
check matrix H does not include a unit matrix. 

The parity check matrix generation method may also be configured 
such that F(j) =-N0'-1). 



The parity check matrix generation method may also be configured 
such that F(j) = n-m. 

in addition, the parity check matrix generation method may be a parity 
check matrix generation method for generating a parity check matrix of m 
5 rows and n columns in low-density parity-check codes; and may be 
configured to generate row r of a parity check matrix by using period list 
P={P(1), P(2), .... P(PL)} (where p(1)-p(PL) are relatively prime) to: set as "1" 
those matrix elements that correspond to columns c that satisfy the 
conditions, using integer i, 1 < c < n-m+r and c=pO>i+n-m+r if N(j-1)+1 < r < 

10 NO), where NO) is defined as the sum of values from element p(1) to element 
pO) of period list P, and moreover, N(0) is defined as "0"; and to set as "0" 
matrix elements that do not satisfy these conditions. According to this 
configuration, without generating for each partial matrix, a parity check matrix 
of m rows and n columns can be generated as a group to satisfy the 

15 conditions that, when any two rows are selected, the two rows have periods 
that are relatively prime, or when the periods are identical, the two rows have 
different phases. In addition, a parity check matrix can be generated as a 
group to contain a lower triangular matrix without generating for each partial 
matrix. Accordingly, superior error-correcting characteristics can be realized 

2 0 in low-density parity-check codes, and a parity check matrix can be 

generated by a simple method. Further, the cost of generating a generator 
matrix and the cost of encoding can be reduced compared to a case in which 
a parity check matrix does not contain a lower triangular matrix. 

The parity check matrix generation method may also be a parity check 

2 5 matrix generation method for generating a parity check matrix of m row and 
n columns in low-density parity-check codes; and may be configured to 
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generate row r of a parity check matrix by using period list P={p(1), p(2), 
p(PL)} (where p(1)-p(PL) are relatively prime) and period list Q={q(1), q(2), 

q(QL)} (where q(1)-q(QL) are relatively prime) to: set as "1" those matrix 
elements that correspond to columns c that satisfy the conditions, using 
5 integer i and a prescribed value F(j), 1 £ c < n-m and c=p(]>i+r+F(j) if N(j- 
1)+1 < r < N(j), where N(j) is defined as the sum of values from element p(1) 
to element p(j) of period list P, and moreover, N(0) is defined as "0"; to set 
as "1 " those matrix elements that correspond to columns c that satisfy the 
conditions, using integer i, n-m+1 < c £ n-m+r and c=q(j)*i+n-m+r if m fl- 
it) 1)+1 < r < M(j), where M(j) is defined as the sum of values from element q(1) 
to element q(j) of period list Q, and moreover, M(0) is defined as "0"; and to 
set as "0" those matrix elements that do not satisfy any of these conditions. 
According to this configuration, a parity check matrix of m rows and n 
columns can be generated as a group based on two types of period lists 
15 such that the conditions are satisfied that, when any two rows are selected, 
the two rows have periods that are relatively prime, or when the periods are 
identical, the two rows have different phases. In addition, the parity check 
matrix can be generated as a group to contain a lower triangular matrix. 
The parity check matrix generation method can also be configured 
2 0 such that F(j) = -N(j-1). 

The parity check matrix generation method can also be configured 
such that F(j) = n-m. 

The parity check matrix generation method can also be configured to 
determine period list P by generating elements from element p(2) to element 
25 p(PL) based on leading element p(1). According to this configuration, the 
mere input of the leading element of period list P enables the automatic 



determination of period list P and the easy generation of a parity check 
matrix. 

The parity check matrix generation method may also be configured to 
generate elements p(j) of period list P such that elements p(j) are the 
5 smallest values of values that satisfy the condition of being relatively prime 
with all elements from leading element p(1) to element p(j— 1). According to 
this configuration, the mere input of the leading element of period list P 
enables the automatic determination of period list P and the easy generation 
of a parity check matrix. 

10 The parity check matrix generation method may also be configured to 

generate elements pfl) of period list P such that elements pfl) are the 
smallest values of values that each satisfy the condition of being a prime 
number greater than the preceding element pQ-1 ). According to this 
configuration, the mere input of the leading element of period list P enables 

15 the automatic determination of period list P and the easy generation of a 
parity check matrix. 

The data transmission system according to the present invention is a data 
transmission system that includes: an encoding device for encoding data and 
a decoding device for decoding data that have been encoded; wherein the 

20 encoding device, based on prescribed parameters, uses a parity check 
matrix generation method to generate a parity check matrix, uses the 
generated parity check matrix to perform low-density parity encoding to 
convert data to codewords, and transmits the converted codewords to the 
decoding device by way of a transmission line; and the decoding device, 

25 based on parameters identical to the parameters used by the encoding 

device, uses the parity check matrix generation method to generate a parity 
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check matrix, and uses the generated parity check matrix to decode the 
codewords that have been received from the encoding device to convert to 
the data that preceded encoding. 

The encoding device may be configured to generate the parity check 
5 matrix based on a prescribed period list P as the parameters, and the 

decoding device can be configured to generate a parity check matrix based 
on period list P identical to period list P used by the encoding device. 
According to this configuration, simply determining period list P enables the 
easy generation of a parity check matrix. 

10 Further, the encoding device may also be configured to determine 

period list P by generating elements from element p(2) to element p(PL) 
based on the leading element p(1) of period list P as the parameters and to 
generate a parity check matrix based on the determined period list, and the 
decoding device may be configured to determine period list P by generating 

15 elements from element p(2) to element p(PL) based on element p(1) that is 
identical to element p(1) used by the encoding device, and to generate a 
parity check matrix based on the determined period list. According to this 
configuration, merely determining the leading element of period list P 
enables the automatic determination of period list P and the easy generation 

20 of a parity check matrix. 

The encoding device may also be configured to generate elements 
p(j) of period list P such that elements p(j) are the smallest values of values 
that satisfy the condition of being relatively prime with all elements from 
leading element p(1) to element pG'-1); and the decoding device may be 

25 configured to generate elements p(j) of period list P such that elements pQ) 
are the smallest values of values that satisfy the condition of being relatively 
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prime with all elements from leading element p(1) to element pQ-1). 
According to this configuration, merely determining the leading element of 
period list P enables the automatic determination of period list P and the 
easy generation of a parity check matrix. 
5 In addition, the encoding device may also be configured to generate 

elements p(j) of period list P such that elements pG) are the smallest values 
of the values that each satisfy the condition of being a prime number greater 
than the preceding element p(|— 1 ); and the decoding device may be 
configured to generate elements p(j) of period list P such that elements p(j) 

10 are the smallest values of values that each satisfy the condition of being a 
prime number greater than the preceding element p(j— 1). According to this 
configuration, merely determining the leading element of period list P 
enables the automatic determination of period list P and the easy generation 
of a parity check matrix. 

15 The encoding device may also be configured to transmit parameters 

to the decoding device by way of a transmission line, and the decoding 
device may be configured to use the parameters received from the encoding 
device to generate a parity check matrix based on parameters identical to 
the parameters used by the encoding device. According to this configuration, 

20 the unity of the period list used by the encoding device and the period list 
used by the decoding device can be easily maintained. 

The decoding device may also be configured to transmit parameters 
to the encoding device by way of a transmission line, and the encoding 
device may be configured to use the parameters received from the decoding 

25 device to generate a parity check matrix based on parameters identical to 

parameters used by the decoding device. According to this configuration, the 
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unity of the period list used by the encoding device and the period list used 
by the decoding device can be easily maintained. 

The encoding device may also be configured to transmit parameters 
for each of prescribed time intervals to the decoding device by way of a 
5 transmission line, and the decoding device may be configured to use the 
parameters received from the encoding device to thus generate a parity 
check matrix based on parameters identical to parameters used by the 
encoding device. According to this configuration, the unity of the period list 
used by the encoding device and the period list used by the decoding device 

10 can be easily maintained. 

The decoding device may also be configured to transmit parameters 
for each of prescribed time intervals to the encoding device by way of a 
transmission line, and the encoding device may be configured to use the 
parameters received from the decoding device to generate a parity check 

15 matrix based on parameters identical to parameters used by the decoding 
device. According to this configuration, the unity of the period list used by the 
encoding device and the period list used by the decoding device can be 
easily maintained. 

The encoding device may also be configured to transmit parameters 

20 to the decoding device by way of a transmission line when the content of 
parameters has been updated, and the decoding device may be configured 
to use parameters received from the encoding device to generate a parity 
check matrix based on parameters identical to parameters used by the 
encoding device. According to this configuration, the unity of the period list 

25 used by the encoding device and the period list used by the decoding device 
can be maintained in real time. 
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The decoding device may also be configured to transmit parameters 
to the encoding device by way of a transmission line when the content of 
parameters has been updated, and the encoding device may be configured 
to use parameters received from the decoding device to generate a parity 
5 check matrix based on parameters identical to parameters used by the 
decoding device. According to this configuration, the unity of the period list 
used by the encoding device and the period list used by the decoding device 
can be maintained in real time. 

The encoding device according to the present invention, based on 
10 prescribed parameters, uses a parity check matrix generation method to 
generate a parity check matrix, uses the generated parity check matrix to 
perform low-density parity encoding to convert data to codewords, and 
transmits the converted codewords to a decoding device by way of a 
transmission line. 

15 The decoding device according to the present invention receives 

codewords from the encoding device by way of a transmission line, and, 
based on prescribed parameters, uses a parity check matrix generation 
method to generate a parity check matrix, uses the generated parity check 
matrix to decode the received codewords and convert to the data that 

2 0 preceded encoding. 

The parity check matrix generation program of the present invention is 
a parity check matrix generation program for generating parity check matrix 
H of m rows and n columns in low-density parity-check code; and causes a 
computer to execute processes of: constructing parity check matrix H from 

2 5 partial matrix H1 of m rows and k columns and partial matrix H2 of m rows 
and m columns (where m = n-k); and determining the positions of matrix 
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elements "1" of each row of partial matrix H1 to satisfy the conditions that, 
when any two rows contained in partial matrix H1 are selected, the periods of 
the two rows are relatively prime, or the periods of the two rows are identical 
and the phases are different. 
5 The parity check matrix generation program may also be a parity 

check matrix generation program for generating a parity check matrix of m 
rows and n columns in low-density parity-check code, and may be configured 
to cause a computer to execute processes of: generating row r of a parity 
check matrix by using period list P={p(1), p(2), p(PL)} (where p(1)-p(PL) 

10 are relatively prime) to: set as "1" those matrix elements that correspond to 
columns c that satisfy the conditions, using integer i and a prescribed value 
FG), 1 < c < n-m and c=pG>i+r+F(j) if NG-1)+1 ^ r < NO), where NO) is 
defined to be the sum of values from element p(1) to element p(j) of period 
list P, and moreover, N(0) is defined to be "0"; and to set as "0" those matrix 

15 elements that do not satisfy any of these conditions. According to this 
configuration, a parity check matrix of m rows and n columns can be 
generated as a group without generating for each partial matrix, such that 
the conditions are satisfied that, when any two rows are selected, the two 
rows have periods that are relatively prime, or when the periods are identical, 

20 the rows have different phases. In addition, a parity check matrix can be 

generated as a group to contain a unit matrix without generating each partial 
matrix. Accordingly, superior error-correcting characteristics can be realized 
in low-density parity-check code, and a parity check matrix can be generated 
by a simple method. Further, the cost of generating a generator matrix and 

25 the cost of encoding can be reduced compared to a case in which parity 
check matrix H does not include a unit matrix. 
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The parity check matrix generation program may also be a parity 
check matrix generation program for generating a parity check matrix of m 
rows and n columns in low-density parity-check code, and may be configured 
to cause a computer to execute processes of: generating row r of a parity 
5 check matrix by using period list P={p(1), p(2), p(PL)} (where p(1)-p(PL) 
are relatively prime) to set as "1" matrix elements that correspond to columns 
c that satisfy the conditions, using integer i, 1 < c < n-m+r and c=p(j)*i+n- 
m+r if NG-1)+1 ^ r < NO), where N(j) is defined to be the sum of values from 
element p(1) to element p(j) of period list P, and moreover, where N(0) is 
10 defined to be "0," and to set as "0" matrix elements that do not satisfy any of 
these conditions. 

According to this configuration, a parity check matrix of m rows and n 
columns can be generated as a group without generating each partial matrix, 
such that the conditions are satisfied that, when any two rows are selected, 

15 the two rows have periods that are relatively prime, or when the periods are 
identical, the rows have different phases. In addition, a parity check matrix 
can be generated as a group to contain a lower triangular matrix without 
generating each partial matrix. Accordingly, superior error-correcting 
characteristics can be realized in a low-density parity-check code, and a 

20 parity check matrix can be generated by a simple method. 

Further, the cost of generating a generator matrix and the cost of 
encoding can be reduced compared to a case in which the parity check 
matrix does not include a lower triangular matrix. 

The parity check matrix generation program may also be a parity 

25 check matrix generation program for generating a parity check matrix of m 
rows and n columns in low-density parity-check code, and may be configured 
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to cause a computer to execute a process of generating row r of a parity 

check matrix by using period list P={p(1), p(2) p(PL)} (where p(1)-p(PL) 

are relatively prime) and period list Q={q(1), q(2), q(QL)} (where q(1)- 
q(QL) are relatively prime) to: set as "1" those matrix elements that 
5 correspond to columns c that satisfy the conditions, using integer i and a 
prescribed value F(j), 1 £ c <, n-m and c=p(j)-i+r+F(j) if N(j-1)+1 £ r < N(j), 
where N(j) is defined as the sum of values from element p(1) to element p(j) 
of period list P, and moreover, N(0) is defined as "0"; to set as "1" those 
matrix elements that correspond to columns c that satisfy the conditions, 

10 using integer i, n-m+1 < c £ n-m+r and c=q(j)»i+n-m+r if M(j-1)+1 < r < M(j), 
where M(j) is defined as the sum of values from element q(1) to element q(j) 
of period list Q, and moreover, M(0) is defined as "0"; and to set as "0" those 
matrix elements that do not satisfy any of these conditions. According to this 
configuration, a parity check matrix of m rows and n columns can be 

15 generated as a group based on two types of period lists such that the 

conditions are satisfied that, when any two rows are selected, the two rows 
have periods that are relatively prime, or when the periods are identical, the 
two rows have different phases. In addition, a parity check matrix can be 
generated as a group to contain a lower triangular matrix. 

20 According to the present invention, partial matrix H1 of parity check 

matrix H is generated to satisfy the condition that, when any two rows are 
selected, the two rows have periods that are relatively prime, or when the 
periods are identical, the two rows have different phases. When the two rows 
have periods that are relatively prime, the existence of common columns in 

25 the two rows can be prevented. In addition, when the two rows have identical 
periods but have different phases, the existence of common columns in the 
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two rows can be limited to a maximum of just one common column. As a 
result, the degradation of the error-correcting capabilities caused by short 
loops in a bipartite graph can be prevented. In addition, because rows are 
generated using a plurality of periods that are relatively prime, degradation of 
error-correcting capabilities caused by uniformity of row weighting can be 
prevented. Finally, the generation of partial matrix H1 can be simplified if the 
periods and phases are determined. Accordingly, superior error-correcting 
characteristics can be realized in low-density parity code and a parity check 
matrix can be generated by a simple method. 

Brief Description of the Drawings 

FIG. 1 is a block diagram showing an example of the configuration of 
a data transmission system; 

FIG. 2 is an explanatory view showing an example of a parity check 
matrix of regular LDPC code; 

FIG. 3A shows an example of parity check matrix; 

FIG. 3B is an explanatory view showing an example of a bipartite 
graph for the parity check matrix; 

FIG. 4 is a block diagram showing an example of the configuration of 
a transmission line encoder in which the parity check matrix generation 
method according to the present invention is applied; 

FIG. 5 is a flow chart showing an example of the progression of 
processes by which processor 50 generates partial matrix H1 ; 

FIG. 6 is an explanatory view showing an example of parity check 
matrix H that is generated by processor 50; 

FIG. 7 is a flow chart showing an example of the progression of 



processes by which processor 50 generates partial matrix H2; 

FIG. 8 is an explanatory view showing another example of parity 
check matrix H generated by processor 50; 

FIG. 9 is a flow chart showing an example of the progression of 
processes by which processor 50 generates parity check matrix H; and 

FIG. 10 is an explanatory view showing yet another example of parity 
check matrix H generated by processor 50. 

Explanation of Reference Numerals 

50 processor 

51 memory 

52 input/output unit 

Best Mode for Carrying Out the Invention 

First Embodiment 

Explanation next regards the first embodiment of the present invention 
with reference to the accompanying figures. FIG. 4 is a block diagram 
showing an example of the configuration of a transmission line encoder that 
applies the parity check matrix generation method according to the present 
invention. As shown in FIG. 4, the transmission line encoder includes 
processor 50, memory 51 , and input/output unit 52. 

In FIG. 4, processor 50 generates a parity check matrix of LDPC code 
and writes the generated parity check matrix to memory 51 . Processor 50 
further reads a data string (a message) from memory 51 and subjects the 
data string that has been read to LDPC encoding to generate codewords. 
Processor 50 then supplies the generated codewords to input/output unit 52. 
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Memory 51 stores, for example, a parity check matrix and data strings. 
Input/output unit 52 supplies codewords from processor 50 to the outside. 
For example, input/output unit 52 transmits codewords by way of a 
transmission line to a transmission line decoder. When a data string is 
5 received as input from the outside, input/output unit 52 writes the received 
data string to memory 51 . 

Transmission line encoder is equipped with a memory unit (not 
shown) for storing various programs for causing processor 50 to execute 
processes for generating a parity check matrix and for encoding data strings. 

10 For example, the memory unit of transmission line encoder stores a parity 
check matrix generation program for causing a computer to execute a 
process for forming parity check matrix H from partial matrix H1 of m rows 
and k columns and partial matrix H2 of m rows and m columns (where m=n- 
k), and a process for determining the positions of matrix elements "1" of each 

15 row of partial matrix H1 to satisfy the conditions that, when any two rows 
contained in partial matrix H1 are selected, the periods of the two rows are 
relatively prime, or when the periods of the two rows are identical, their 
phases are different. 

In the present embodiment, explanation regards a case in which 

20 processor 50 generates parity check matrix H of m rows and n columns used 
in the encoding of LDPC codes, where the message length is k and the 
codeword length is n. In this case, m=n-k. In this embodiment, processor 50 
constructs parity check matrix H from partial matrix H1 of m rows and k 
columns on the left side and partial matrix H2 of m rows and m columns on 

25 the right side. 

In the present embodiment, processor 50 generates partial matrix H2 
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as a unit matrix. In addition, processor 50 generates partial matrix H1 as a 
matrix having matrix elements "1" or "0" in accordance with prescribed 
conditions. Processor 50 then joins partial matrix H1 and partial matrix H2 to 
generate parity check matrix H. The following explanation regards the 
process of generating partial matrix H1 . 

Processor 50 generates partial matrix H1 such that, in each row, 
matrix elements of positions that are determined by prescribed periods and 
prescribed phases are "1" and such that other matrix elements are "0." 
"Period" here indicates the distance between an element "1" and another 
element "1" that are contained within a row. In the present embodiment, 
elements "1" are arranged for each period within a row. In addition, "phase" 
is the position of the column of the element farthest to the left among 
elements "1" that are within a row. Phase assumes a value from 1 to the 
period. If the period and phase are determined, the positions of elements "1" 
and the number of elements "1 " within a row are determined. 

In the present embodiment, processor 50 generates partial matrix H1 
to satisfy the conditions that, when any two rows contained in partial matrix 
H1 are selected, the two rows have periods that are relatively prime, or when 
the periods are identical, the two rows have different phases. When 
successively generating each row of partial matrix H1 , processor 50 selects 
the period and phase used in generating the next row to satisfy either of the 
two conditions with respect to the periods and phases of all rows that have 
been generated to that point. 

FIG. 5 is a flow chart showing an example of the progression of 
processes by which processor 50 generates partial matrix H1 . Processor 50 
sets period list P={p1 , p2 pj} (Step S1 10). For example, when each 



element of period list P is applied as input by the user, processor 50 sets 
period list P that contains each element that has been applied as input. 
Alternatively, for example, when each element is received as input in 
accordance with the host application, processor 50 sets period list P that 
contains each element that has been received as input. In Step S1 10, 
settings are made such that each of the elements of period list P are 
relatively prime, and such that the sum of the values of the elements of 
period list P is equal to or greater than m. 

Processor 50 initializes each variable used in the generation of each 
row of partial matrix H1 (Step S120). In the present embodiment, period 
variable a that indicates period, variable b, and generation-target row number 
r, which indicates the row that is the object of generation among each of the 
rows of partial matrix H1 , are used as variables. In the present embodiment, 
moreover, the value of variable b coincides with the position of the element 
farthest to the left among elements "1" of each row. 

Thus, in the present embodiment, variable b plays the role of a phase 
variable that indicates phase. 

In Step S120, processor 50 sets the leading element p1 of period list 
P as the initial value of period variable a and sets the initial value of variable 
b to "1 ." Processor 50 further sets the initial value of generation-target row 
number r to "1." 

Processor 50 generates the row that corresponds to generation-target 
row number r (Step S121). In Step S121, processor 50 uses the generation 
equation c=a»i+b to generate row r of partial matrix H1 . Processor 50 
generates row r by setting the matrix elements located in columns c that are 
indicated by generation equation c=a«i+b to "1" and setting the other matrix 



elements to "0." In this case, "i" is an integer. 

Processor 50 next determines whether the generated row r is the last 
row of partial matrix H1 (Step S122). If the generated row r is determined to 
be the last row, processor ends the process of generating partial matrix H1 . 
If the generated row r is determined not to be the last row, processor 50 
updates variable b and generation-target row number r (Step S123). In Step 
S123, processor 50 adds "1" to generation-target row number r. Processor 
50 further adds "1" to variable b. 

Upon updating variable b, processor 50 determines whether variable b 
is equal to or less than period variable a (Step S124). If "b" is determined to 
be equal to or less than "a," processor 50 returns to the process of Step 
S121 and repeatedly executes the processes from Step S121 . 

Upon determining that b is not less than or equal to a, processor 50 
updates period variable a (Step S125). In Step S125, processor 50 reads the 
value of the next element from period list P to set this value to period 
variable a. Processor 50 further sets the value of variable b to 1 . Processor 
50 then returns to the process of Step S121 and repeatedly executes the 
processes from Step S121 . 

FIG. 6 is an explanatory view showing an example of parity check 
matrix H generated by processor 50. Parity check matrix H shown in FIG. 6 
is a matrix that has been generated with message length set to k=12 and 
codeword length set to n=20. Accordingly, as shown in FIG. 6, the number of 
rows of parity check matrix H is m=n-k=8. In addition, as shown in FIG. 6, 
processor 50 generates partial matrix H2 in parity check matrix H as a unit 
matrix. Partial matrix H1 within parity check matrix H is set to period list P={3, 
4, 5} in Step S1 10 and generated according to the process shown in FIG. 2. 



For example, in Step S120, processor 50 sets leading element 3 of 
period list P as the initial value of period variable a and sets the initial values 
of variable b and generation-target row number r to "1 ." In Step S1 21 , 
processor 50 uses these variables a and b to find each of c=1 , 4, 7, and 10 
5 for i=0, 1 , 2, and 3, respectively. Then, as shown in FIG. 6, processor 50 sets 
the elements of the first, fourth, seventh, and tenth columns among the 
elements of the first row of partial matrix H1 to "1" and the other elements to 
"0" to generate the row. 

In Step S123, when variable b and generation process object row 
10 number r are each updated to "2", processor 50 uses period variable a=3 
and variable b=2 to find each of c=2, 5, 8, and 1 1 for i=0, 1 , 2, and 3, 
respectively. Processor 50 then sets the elements of the second, fifth, 
eighth, and eleventh columns among the elements of the second row of 
partial matrix H1 to "1" and sets the other elements to "0" to generate the 
15 row, as shown in FIG. 6. 

When the third row of partial matrix H1 is generated and variable b is 
updated to "4," processor 50 determines whether variable b=4 is not less 
than or equal to variable a=3, and then updates period variable a to "4" in 
Step S124. Processor 50 then uses period variable a=4 to generate the 
2 0 fourth to seventh rows of partial matrix H1 as shown in FIG. 6. 

Upon generating the eighth row of partial matrix H1 , processor 50 
determines that the generated row r=8 is the last row and terminates the 
process. Partial matrix H1 is thus generated by the above-described 
procedure. Processor 50 then joins partial matrix H1 and partial matrix H2 to 
25 generate parity check matrix H shown in FIG. 6. 

As shown in FIG. 6, in partial matrix H1 in the present example, rows 
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exist that correspond to all phases (phases from 1 to the value of the period) 
for period 3 and period 4, but only a row corresponding to phase 1 exists for 
period 5. 

As shown in FIG. 6, the periods of any row of the first to third rows of 
5 partial matrix H1 , any row of the fourth to seventh rows, and the eighth row 
are all relatively prime, and no more than one common column exists. In 
addition, when any two rows of the first to third rows are selected, the 
periods for both are identical at "3," but the phases for the two differ and no 
common column exists. Similarly, when any two rows of the fourth to seventh 
1 0 rows are selected, the periods are identical at "4," but the phases differ and 
no common column exists. 

In Step S121 , c=a»i+k+r may be used as the generation equation 
instead of using the condition c=a»i+b as the generation equation. By 
adopting this form, the phases of partial matrices H1 and H2 can be 
1 5 combined when the entirety of parity check matrix H is seen. 

In addition, although period list P contains a plurality of elements, this 
plurality of elements can also be generated from a single parameter. For 
example, the elements of period list P satisfy not only the condition of being 
relatively prime, but also satisfy the condition of being in a rising progression. 
20 When the elements of period list P are defined to be the smallest value of 
the values that satisfy two conditions, merely determining the leading 
element p1 as a parameter enables the determination of each element of the 
entirety of period list P. 

Alternatively, if elements pi other than the leading element p1 are 
2 5 each defined to be the smallest prime number of prime numbers that are 
greater than the preceding element p(M), merely determining the leading 
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element p1 enables the determination of the entirety of period list P. 

Although a case was described in the present embodiment in which 
all of period list P was set in Step S1 10, each element may be definitively 
derived by adopting a definition for generating each element of period list P 
5 from a single parameter. In such a case, processor 50 may generate 

elements of period list P with each update of period variable a in Step S125. 
For example, processor 50 may set only element p1 in Step S1 10 and then 
find the next value that satisfies the defined condition in Step S1 25. By 
adopting this approach, an operation can be realized that is essentially 
10 equivalent to setting the entirety of period list P in Step S1 10. 

In the present embodiment, moreover, a case was described in which 
the transmission line encoder generated parity check matrix H for use in 
LDPC encoding, but the parity check matrix generation method can also be 
applied to a case in which a transmission line decoder generates parity 
15 check matrix H for use in decoding codewords. 

As described above, according to the present embodiment, parity 
check matrix H of m rows and n columns used in low-density parity-check 
codes is made up from partial matrix H1 of m rows and k columns on the left 
side and partial matrix H2 of m rows and m columns on the right side. In 
20 addition, processor 50 generates partial matrix H1 to satisfy the conditions 
that, when any two rows contained in partial matrix H1 are selected, the two 
rows have periods that are relatively prime (condition a) or when the periods 
are identical, have phases that differ (condition b). 

According to the present embodiment, processor 50 generates partial 
2 5 matrix H2 as a unit matrix. 

Common columns never occur in any two rows of the rows of parity 
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check matrix H that contains the rows of partial matrix H1 that have been 
generated according to condition b. As a result, the occurrence of short loops 
having a length of 4 can be prevented, and the degradation of error- 
correcting capabilities caused by short loops in a bipartite graph can be 
prevented. 

Further, common columns occur for each least common multiple of 
the period in any two rows of parity check matrix H that contains the rows of 
partial matrix H1 that have been generated according to condition a. In this 
case, the periods of the two rows are relatively prime, and the least common 
multiple is therefore the product of the periods. If periods are selected such 
that the product of the periods is equal to or greater than k, the number of 
common columns that occur in the two rows can be limited to just one. As a 
result, the occurrence of short loops having a length of 4 can be prevented, 
and degradation of error-correcting capabilities caused by short loops on a 
bipartite graph can be prevented. 

Further, the use of a plurality of periods that are relatively prime to 
generate rows enables non-uniform row weighting, whereby the degradation 
of error-correcting capabilities caused by uniformity of row weighting can be 
prevented. 

Still further, if period and phase are determined, partial matrix H1 can 
be easily generated by using a simple generation equation. Accordingly, 
superior error-correcting characteristics can be realized in low-density parity- 
check codes, and parity check matrix H can be generated by a simple 
method. In addition, because partial matrix H1 can be generated by a simple 
method, the cost of generating a parity check matrix can be reduced. 

According to the present embodiment, partial matrix H2 is generated 
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as a unit matrix, and an input message becomes a portion of codewords. As 
a result, when processor 50 carries out LDPC encoding, only redundancy 
portions that are added to the input message need be calculated, and the 
cost of generating a generator matrix and the cost of encoding can be 
5 reduced compared to a case in which parity check matrix H does not include 
a unit matrix. 

Second Embodiment 

Explanation next regards the second embodiment of the present 

10 invention with reference to the accompanying figures. In this embodiment, 
the configuration of the transmission line encoder is the same as the 
transmission line encoder shown in the first embodiment. In the present 
embodiment, processor 50 of the transmission line encoder generates partial 
matrix H1 according to the same process as in the first embodiment. In the 

15 present embodiment, moreover, processor 50 generates partial matrix H2 as 
a lower triangular matrix. 

FIG. 7 is a flow chart showing an example of the progression of 
processes by which processor 50 generates partial matrix H2. In the present 
embodiment, processor 50 uses a different generation equation to generate 

20 each row in Step S221 shown in FIG. 7 than in Step S121 of the first 

embodiment. The processes other than that of Step S221 are the same as 
the processes shown in the first embodiment. 

In Step S221 , processor 50 uses generation equation c=a»i+r to 
generate row r of partial matrix H2. Processor 50 generates row r by setting 

2 5 to "1" those matrix elements located in columns c that are represented by 
generation equation c=a»i+r and setting the other matrix elements to "0." In 
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this case, "i" is "0" or a negative integer. Period list P may be identical when 
generating partial matrix H1 and when generating partial matrix H2, or may 
differ. 

FIG. 8 is an explanatory view showing another example of parity 
check matrix H that is generated by processor 50. As with parity check matrix 
H shown in FIG. 6, parity check matrix H shown in FIG. 8 is generated with 
message length set to k=12, codeword length set to n=20, and the number of 
rows of parity check matrix H set to m=8. In addition, partial matrices H1 and 
H2 shown in FIG. 8 are both generated with period list P={4, 5}. As shown in 
FIG. 8, processor 50 generates partial matrix H2 as a lower triangular matrix 
according to the procedure shown in FIG. 7. 

As shown in FIG. 8, partial matrix H2 can be easily generated as a 
lower triangular matrix by generating each row to satisfy the conditions that, 
when any two rows contained in partial matrix H2 are selected, the two rows 
have periods that are relatively prime, or when the periods are identical, the 
two rows have phases that are different, as in the generation of partial matrix 
H1. 

Although a case was described in the present embodiment in which 
partial matrix H2 is a lower triangular matrix, the same error-correcting 
capabilities are realized when any of the rows and columns of parity check 
matrix H are substituted. For example, the elements contained in parity 
check matrix H may be inverted vertically such that partial matrix H2 
becomes an upper triangular matrix, and the meaning of LDPC encoding is 
unchanged. Alternatively, the elements contained in parity check matrix H 
may be inverted horizontally such that the portion of m rows and m columns 
on the left side of parity check matrix H becomes a triangular matrix, and the 
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meaning of LDPC encoding is unchanged. 

Alternatively, the plurality of elements of period list P may be 

generated from a single parameter. For example, the elements of period list 

P may also be defined as the smallest values that satisfy not only the 
5 condition of being relatively prime, but also the condition of being in a rising 

progression. By adopting this approach, simply determining leading element 

p1 as a parameter enables the determination of each element of the entirety 

of period list P. Alternatively, if elements pi other than leading element p1 are 

each defined to be the smallest prime number of the prime numbers greater 
10 than the preceding element p(M), merely determining leading element p1 

enables the determination of the entirety of period list P. 

When generating partial matrix H2, period list P is set to P={p} to 

contain only one element, and when element p is set to a value equal to or 

greater than m, processor 50 generates partial matrix H2 as a unit matrix. 
15 Accordingly, when settings are made such that period list P={p}, and 

moreover, such that p is equal to or greater than m, parity check matrix H 

similar to the first embodiment can be generated. 

Although a case has been described in the present embodiment in 

which the transmission line encoder generates parity check matrix H for use 
20 in LDPC encoding, the parity check matrix generation method can also be 

applied to a case in which a transmission line decoder generates parity 

check matrix H for use in decoding codewords. 

According to the present embodiment as described hereinabove, 

partial matrix H2 is generated as a lower triangular matrix or a unit matrix by 
25 processor 50. When partial matrix H2 is generated as a lower triangular 

matrix, common columns never occur in any two rows of parity check matrix 
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H that has been generated according to condition b. As a result, the 
occurrence of short loops having a length of 4 can be prevented, and the 
degradation of error-correcting capabilities caused by short loops in a 
bipartite graph can be prevented. 

When partial matrix H2 is generated as a lower triangular matrix, 
common columns occur for each least common multiple of the periods in any 
two rows of parity check matrix H that has been generated according to 
condition a. In this case, the periods of the two rows are relatively prime, and 
the least common multiple is therefore the product of the periods. If periods 
are selected such that the product of the periods is equal to or greater than 
n, the number of common columns that occur in two rows of partial matrix H1 
can be limited to just one, and the number of common columns that occur in 
two rows of partial matrix H2 can also be limited to just one. As a result, the 
occurrence of short loops having a length of 4 can be prevented, and the 
degradation of the error-correcting capabilities that is caused by short loops 
in a bipartite graph can be prevented. 

When partial matrix H2 is generated as a unit matrix, common 
columns never occur in any two rows of parity check matrix H that has been 
generated according to condition b. As a result, the occurrence of short loops 
having a length of 4 can be prevented, and the degradation of error- 
correcting capabilities caused by short loops in a bipartite graph can be 
prevented. 

When partial matrix H2 is generated as a unit matrix, common 
columns occur with each least common multiple of periods in any two rows 
of parity check matrix H that has been generated according to condition a. In 
this case, the periods of the two rows are relatively prime, and the least 



common multiple is therefore the product of the periods. If periods are 
selected such that the product of the periods is equal to or greater than k, 
the occurrence of common columns in two rows of parity check matrix H can 
be limited to just one. As a result, the occurrence of short loops having a 
length of 4 can be prevented, and the degradation of error-correcting 
capabilities caused by the short loops in a bipartite graph can be prevented. 

According to the present embodiment, partial matrix H2 is generated 
as a lower triangular matrix or as a unit matrix, and input messages are 
therefore portions of codewords without alteration. Thus, when carrying out 
LDPC encoding, processor 50 need calculate only the redundancy portions 
that are added to input messages, whereby a reduction in the cost of 
generating a generator matrix and the cost of encoding can be realized 
compared to a case in which parity check matrix H does not contain a unit 
matrix or a lower triangular matrix. 

Third Embodiment 

Explanation next regards the third embodiment of the present 
invention with reference to the accompanying figures. In the present 
embodiment, the configuration of the transmission line encoder is the same 
as the transmission line encoder shown in the first embodiment and in the 
second embodiment. In the present embodiment, processor 50 of the 
transmission line encoder does not generate partial matrix H1 and partial 
matrix H2 separately, but rather, generates partial matrix H1 and partial 
matrix H2 simultaneously. 

FIG. 9 is a flow chart showing an example of the progression of 
processes by which processor 50 generates parity check matrix H. In the 
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present embodiment, processor 50 uses a generation equation that differs 
from the equations used in the first embodiment and the second embodiment 
to generate each row in Step S321 shown in FIG. 9. In addition, the 
processes other than Step S321 are the same as the processes of the first 
5 embodiment and the second embodiment. 

In Step S321 , processor 50 uses generation equation c=a«i+k+r to 
generate parity check matrix H. Processor 50 generates row r by setting 
matrix elements located in columns c represented by generation equation 
c=a«i+k+r to "1" and setting the other matrix elements to "0." In this case, "i" 
10 is 0 or a negative integer. 

FIG. 1 0 is an explanatory view showing yet another example of parity 
check matrix H that is generated by processor 50. Parity check matrix H 
shown in FIG. 10 is a matrix generated with the message length set to k=12, 
the codeword length set to n=20, and the number of rows of parity check 
15 matrix H set to m=8, as with parity check matrix H shown in FIG. 6 and FIG. 
8. Further, parity check matrix H shown in FIG. 10 is a matrix generated by 
setting period list P={4, 5} in Step S1 10. 

As shown in FIG. 1 0, processor 50 generates each row in accordance 
with the procedure shown in FIG. 9 to satisfy conditions such that, when any 
20 two rows contained in parity check matrix H are selected, the two rows have 
periods that are relatively prime, or when the periods are identical, such that 
the two periods have different phases. 

Accordingly, the occurrence of a common column in any two rows can 
be prevented, or the occurrence of a common column can be limited to just 
25 one. Alternatively, as shown in FIG. 10, partial matrix H2 within parity check 
matrix H is generated as a lower triangular matrix according to the procedure 
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shown in FIG. 9. 

Although an example is described in the present embodiment in which 
partial matrix H2 within parity check matrix H is a lower triangular matrix, the 
error-correcting characteristics are the same even when any rows or 
columns of parity check matrix H are substituted. For example, elements 
contained in parity check matrix H may be inverted vertically such that partial 
matrix H2 is an upper triangular matrix, and the meaning of the LDPC 
encoding is unchanged. Alternatively, the elements contained in parity check 
matrix H may be inverted horizontally such that the portion of m rows and m 
columns on the left side of parity check matrix H becomes a triangular 
matrix, and the meaning of LDPC encoding is unchanged. 

In the present embodiment, by executing processing according to the 
procedure shown in FIG. 9, processor 50 generates parity check matrix H 
according to the following conditions. Period list P that is set in Step S1 10 is 
defined as P={p(1), p(2), .... p(PL)}, and N(j) is defined as the sum of the 
values of the first to jth elements of period list P. In addition, N(0) is defined 
as N(0)=0. When generation-target row number r satisfies the relation NQ- 
1)+1 s r s N(j), processor 50 uses period variable a=pQ) to generate row r 
such that matrix elements of columns c that satisfy the relations 1 < c < n- 
m+r and c=p(j)«i+n-m+r are "1" and other matrix elements are "0." In this 
case, "i" is an integer. 

Although a case has been described in the present embodiment in 
which elements of columns c that satisfy the relations 1 < c < n-m+r and 
c=pG>i+n-m+r are set to "1" in Step S321 , the conditions for setting 
elements to "1 " is not limited to form shown in this embodiment. For 
example, when generation-target row number r satisfies the relation N(j-1)+1 



^ r < NO), processor 50 may use a prescribed value F(j) determined using 
element number j of period list P to determine the elements that are to be set 
to "1 ." In such a case, processor 50 generates row r in Step S321 by setting 
to "1" matrix elements that are located in columns c that satisfy the relations 
1 < c < n-m and c=p(j)»i+r+F(j) and columns c that satisfy the relation c=n- 
m+r, and setting the other matrix elements to "0." By adopting this method, 
the portion corresponding to H2 within parity check matrix H can be 
generated as a unit matrix. 

As an example, FG)=-NG'-1) may be used as value FQ) that is 
determined using element number j. Alternatively, F(j)=n-m may be used. 
Although an example was described in the present embodiment in which 
only one period list is set in Step S1 10, the number of period lists that are set 
is not limited to one. For example, period list Q={q(1), q(2), q(QL)} may 
be set in addition to period list P in Step S1 10. In this case, MQ) may be 
defined as the sum of the values of the first to jth elements of list Q, and 
M(0) may be defined as M(0)=0. Processor 50 may then use these two 
conditions to determine elements that are to be set to "1 ." 

For example, when generation-target row number r satisfies the 
relation N0'-1)+1 < r < N(j), processor 50 sets to "1" those matrix elements 
that are located in columns c that satisfy the relations 1<cs n-m and 
c=pQ>i+r+F(j) in Step S321. Further, when generation-target row number r 
satisfies the relation Mg-1)+1 <; r £ M(j), processor 50 sets to "1" those matrix 
elements that are located in columns c that satisfy the relations n-m+1 <, c <, 
n-m+r and c=qO>i+n-m+r, and then sets the other matrix elements to "0" to 
thus generate row r. F(j)=-Nfl-1) may be used as Ffl), or F(j)=n-m may be 
used. 
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The plurality of elements of period list P may also be generated from a 
single parameter. For example, the elements of period list P may be defined 
as the smallest values of the values that satisfy the two conditions of being 
not only relatively prime, but also of being in a rising progression. By 
adopting this method, the determination of only leading element p1 as a 
parameter enables the determination of each element of the entirety of 
period list P. Alternatively, elements p(j) other than leading element p1 may 
each be defined as the smallest prime number of the prime numbers that are 
greater than the preceding element p(j-1) to thereby enable the 
determination of the entirety of period list P by determining only leading 
element p1 . 

Although an example was described in the present embodiment in 
which transmission line encoder generates parity check matrix H for use in 
LDPC encoding, the parity check matrix generation method may also be 
applied to a case in which transmission line decoder generates parity check 
matrix H for use in decoding codewords. 

As described in the preceding explanation, according to the present 
embodiment, instead of being generated for each partial matrix, a parity 
check matrix can be generated as a group such that the conditions are 
satisfied that, when any two rows are selected, the two rows have periods 
that are relatively prime, or when the periods are identical, the two rows have 
phases that are different. Further, instead of generating each partial matrix, a 
parity check matrix can be generated as a group to contain a lower triangular 
matrix or a unit matrix. As a result, superior error-correcting characteristics 
can be realized in low-density parity-check codes, and a parity check matrix 
can be generated by a simple method. In addition, the cost of generating a 
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generator matrix and cost of encoding can be decreased compared to a case 
in which the parity check matrix does not contain a lower triangular matrix or 
a unit matrix. 



5 Fourth Embodiment 

Explanation next regards the fourth embodiment of the present 
invention with reference to the accompanying figures. In the present 
embodiment, a data transmission system is described that applies any of the 
transmission line encoders and transmission line decoders shown in the first 

10 to third embodiments. The configuration of the data transmission system 
according to the present invention is identical to the configuration shown in 
FIG. 1 . When data generator 10 generates a data string that is to be 
transmitted, the generated data string is supplied as output to transmission 
line encoder 1 1 . In other words, data generator 10 supplies a generated data 

15 string to transmission line encoder 1 1 . 

Transmission line encoder 1 1 is equipped with any configuration for 
realizing the parity check matrix generation method described in the first to 
third embodiments. For example, a parity check matrix generation program 
for generating a parity check matrix is installed in transmission line encoder 

2 0 11. Transmission line encoder 1 1 generates parity check matrix H based on 
period list P. Transmission line encoder 11 further uses parity check matrix H 
that has been generated to convert the data string that has been supplied 
from data generator 10 to codewords. Transmission line encoder 1 1 then 
transmits the codewords by way of transmission line 12 to transmission line 

25 decoder 13. 

Transmission line decoder 13 is equipped with a configuration for 
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realizing the parity check matrix generation method. For example, a parity 
check matrix generation program for generating a parity check matrix is 
installed in transmission line decoder 13. Transmission line decoder 13 
generates parity check matrix H based on period list P. In addition, 
5 transmission line decoder 13 uses parity check matrix H that has been 
generated to restore the original data string from the received codewords in 
accordance with a sum-product decoding method. Transmission line decoder 

13 then supplies the restored data string to data-consuming device 14. In 
other words, transmission line decoder 13 supplies the restored data string 

10 to data-consuming device 1 4. 

Data-consuming device 14 consumes the data string that has been 
supplied from transmission line decoder 13. In other words, data-consuming 
device 1 4 processes the data string that has been supplied to perform 
display or output. 

15 For example, when the data transmission system is a system for 

transmitting video data, data generator 10 is a video encoder, and the data 
string generated by data generator 10 is a bitstream. Data-consuming device 

1 4 is a video decoder. 

Transmission line encoder 1 1 and transmission line decoder 13 each 
20 use the same period list P. As a method of maintaining the unity of period list 
P, a method may be used for conferring the same period list P as an initial 
value to each of transmission line encoder 1 1 and transmission line decoder 
13. Alternatively, when period list P is conferred by outside input, period list P 
that is applied as input from the outside may be reported to each of 
25 transmission line encoder 1 1 and transmission line decoder 13 following 

which each of transmission line encoder 1 1 and transmission line decoder 13 
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may use the reported period list P. 

Alternatively, a method may be used in which transmission line 
encoder 1 1 sets period list P, following which transmission line encoder 1 1 
transmits (reports) the period list P that has been set to transmission line 
decoder 13 by way of transmission line 12. In this case, the optimum values 
of period list P differ depending on the error-generation model of 
transmission line 12. Transmission line encoder 11 may transmit (report) the 
period list P with each transmission of codewords, or may transmit (report) 
period list P only when period list P is updated. When updating of period list 
P is carried out for each of predetermined prescribed time intervals, 
transmission line encoder 1 1 may transmit (report) period list P after 
updating to transmission line decoder 1 3 with each prescribed time interval. 

Transmission line decoder 13 is the first to detect the error-occurrence 
state of transmission line 12, and transmission line decoder 13 may 
therefore carry out the settings of period list P. In this case, transmission line 
encoder 1 1 does not transmit period list P to transmission line decoder 13, 
but rather, transmission line decoder 13 transmits (reports) period list P to 
transmission line encoder 1 1 by way of transmission line 1 2. 

When a definition has been adopted for generating each of the 
elements of period list P from a single parameter and each of the elements 
following a leading element can thus be determined based on the leading 
element of period list P, transmission line encoder 1 1 or transmission line 
decoder 13 may transmit (report) only the leading element. For example, a 
configuration is also possible in which, by defining the elements of period list 
P as the smallest values among the values that satisfy the two conditions 
that the elements not only be relatively prime, but further, that the elements 



be in a rising progression, each element of the entirety of period list P can be 
determined if only leading element p1 is determined. Alternatively, a 
configuration is possible in which, by defining elements p(j) other than the 
leading element p1 as each being the smallest prime number among prime 
numbers greater than the preceding element p(j-1), the entirety of period list 
P can be determined if only leading element p1 is determined. 

When a change in the size of the parity check matrix is desired, 
transmission line encoder 1 1 may transmit (report) the number of rows and 
the number of columns of the parity check matrix following alteration to 
transmission line decoder 13 by way of transmission line 1 2. Alternatively, 
when a change of the size of the parity check matrix is desired, transmission 
line decoder 13 may transmit (report) the number of rows and the number of 
columns of the parity check matrix after alteration to transmission line 
encoder 1 1 by way of transmission line 1 2. 

According to the present embodiment as described hereinabove, 
transmission line encoder 1 1 and transmission line decoder 13 in a data 
transmission system use any of the parity check matrix generation methods 
described in the first to third embodiments to generate a parity check matrix. 
Accordingly, superior error-correcting characteristics can be realized in low- 
density parity-check codes, and a parity check matrix can be generated by a 
simple method. In addition, the cost of generating a generator matrix and the 
cost of encoding can be reduced compared to a case in which the parity 
check matrix does not contain a lower triangular matrix or a unit matrix. 

According to the present embodiment, a parity check matrix can be 
determined once the period list P or the leading element of period list P is 
known. As a result, if either one of transmission line encoder 1 1 and 



transmission line decoder 13 reports the period list P or the leading element 
to the other, transmission line encoder 1 1 and transmission line decoder 13 
can share the same parity check matrix. 

In addition, when the size of a parity check matrix is to be changed, if either 
5 one of transmission line encoder 1 1 and transmission line decoder 1 3 

reports the matrix size to the other, the size of the parity check matrix can be 
easily altered. Accordingly, the optimum parity check matrix for transmission 
at the time of data transmission can be easily used even in the event of 
changes in the characteristics of transmission line 12 or the state of 
1 0 congestion of a packet exchange network. 

Potential for Use in the Industry 

The parity check matrix generation method according to the present 
invention can be applied when a transmission line encoder included in a data 
1 5 transmission system generates a parity check matrix used for LDPC 

encoding of a data string. The parity check matrix generation method can 
also be applied when a transmission line decoder included in a data 
transmission system generates a parity check matrix for use in decoding 
codewords that have been received. 

20 
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